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(57) Abstract

A method for neutralizing an intracellular nucleic acid-binding protein’s biological activity in a cell by exposing the pro-
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Description

Methods and Compositions for Neutralizing Intracellular
Nucleic Acid-Binding Protein Biological Activity
In a Cell, Including Methods and Compositions Useful

To Requlate Gene Function

Technical Field

The present invention relates to methods and compositions
for neutralizing intracellular protein biological activity on
a cell, including methods and compositions useful to control
gene function.

Background Art

Classical genetics was concerned with determining how
genes participated in the development of an animal or of a
plant. Recently, molecular genetics has permitted notable
progress in satisfying that aim, providing an understanding of
the importance of RNA processing and gene and chromosome
structures in eukaryotes. Molecular genetics is now tutning
its attention to the study of the molecular basis for gene
control in eukaryotic cells, and in particular. in.animal ...
cells. AN LY L Tt ey

-t

- T

Molecular genetlcs has now prov;ded proof that then-
regulatlon of genes exists at both.the level of transcrlptlon
and after transcription. It has_&ilso’ shown that specific
patterns of gene regulation are important determinants _in .
cellular and organlc developmental ’ deq;SLOns Molecular .
genetics. ‘has pnov1ded a voluminous amount of information ébout
the DNA s;tes requlred tor transcrlptlonal regulatlon and»—

about the regulatory protelns that bind to these sites. j? é
< [ERE T t.D ,
1 ¢ ‘. PPN )

o)

Although gene control caﬂ”bewapplied to a nuﬁﬁérfbf =8

s ~ .-
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different molecular steps, the. term "differential
‘l;.r~a.nec':rip‘:ti.or~1-" as is used in the context of gene control
proba_bljr.’ most frequently refers to differential protein -
synthesis rates ;in- eunkaryotes, as it q:loes._ in prokaryotes.-
Differeptj.el. pg:_pcessing of RNA transcripts in -the cell .
nucleus 7, differential stimulation of mRMNA in the cytoplasm,. .
and differential- translation of mRNA into protein are also
.unportant in eukaryot:.c gene control. Furthermore, in. a few
cases,: chromosoma.l segments. are ampl:.f:.ed or. rearranged so as
to e,_ffe_ct _ge_ne -expression.: ¥For a general review of the .. .
sﬁliject see "Molecular Cell Bioiogﬁr" ;. 2ed.,: Darnell,. Lodish .
and Baltimore (1990) generally, and particularly chapter 11
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To. date, there Jhave- been attempts at, gene control in
l.Lght of the considerable. therapeutic potentiail. which would: be
afforded,_;:y a -successful -and practical: application of the :-.
technique. .. Tllustratively, Zamecnik et al (Proc. Natl. Acad.
Sci. (USA) (1986) B3:4143-4146) report the use of single-::
“stranded (ss-)DNA oligomere, -homologous to, specific, target :
mRnAs in a culture.medium where the (ss)DNA:oligomer is. taken
up by.the. cells.and. inhibits translat:.on of: specific mRNAs
thereby p.rweven,tlp_g‘ synthesis. of-its cognate protein. : This -..
me*{:t_;pqi; has. been. referred to as the antisense method of gene -
coﬁ;#el. - Sullenger gt al: (Cell--(1990) 63:601-608) report the
use Q.f‘,é: ~high~-‘t.::'7t_e*;-_.ret‘rqvir_alvYect:;cp:r:;_- which infects ¢ells and
ove{:exgreest.‘;._'i.nt'r_acel;uiarly an RNA sequence of ‘interest to
;l.‘.j..%t:rete out a viral RNA protein.:.. - . -: [

.o v o

More generally, the genetic alteration of cells that is"
mediated by gene transfer and leads to the inhibition of viral
repl.xcat:.on has- been:termed. "intracellular’ immunization®.
(Baltimore, Nature- (1988) 335:395-396:) Intracellular .

immunization is perceiv d as being’achievable by stable .7t

s R L. [

j.ntroductlon .0of DNA into cells whose:continuous. expression -

[4
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results in the -inhibition of ‘an-essential viral - géne " Several
strategies employing stable’ gene transfer to -inhibit gene -
function have been-described, ‘fncluding antisense RNA® (see
Weintraub et dl, - Trends Genet.: - ‘(1985) 2¥22+257 Green at’ aL,
Annu. Rev. Biochem. (1986), 55:569-597; -Van d4éX Krol et al; °
Bid.* Tethniques' (1988), _~958—976)7~r1bozymes~(Haseloff et et-al,
Nature: (1988) 334:585-591; Cotten et al, EMBO iF7'(19Y89)
8:¢3861-~38667; - Sarver et al,” Stience (1990 24712221225} and
dnminaht:hégativé-mutaﬁ%s'(rrfédmaﬁ‘ét'él'-&ataféffféaa)
335:452-454; ‘Maliir et al’ Ce11~11989y~58 205= 211"Erbno et al

;1 (1989) 59»113420) 2 TTEEITE L Lal uslemelodt s v i

L~ SeeT Sy ‘-‘-: :..
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template, whether synthesizing antisense RNA, rlbozyme, or

R

expresS£ng*ETddeﬁantLnéE%tfﬁe”mﬁtéﬁf“&éne product, is" however
- necessary’ to’ abhieve effectivé inhibition -of the target gene.

The ciurrent: inability td express svffitient Yevels. of:® - -
antisense RNA’inil cell stably trarnsformed with an afitisense
gene-+is '‘tonsidered to be a- major impediment to the development
of effettive- gene inlibition' protocols (see van' der Krol’ et
. _;, supra). It is likely equally importént in' the- des;gn of
effettive ihhibition ‘Protocbls- basedion - ribézymes ‘or- deminant-

negative mutants. The-IdLosyneratic behav10r~of RNA o

© Na! : : “¢19829° 79 4095' e
4102; Wl’il:.ams &t _al, Proo. Natl. Acad. Sci. (USK)' {1988y ~
83:2566-2570; Willimmss et>al, Blood {1988) 71:1730~1743) aiso
limits the use of gene inhibition protocols in the application

of the intracellular immunization concept to the live animal
- N LTy

or human pat;ent. SR B o N Cees

_' R C.,':r.-":'.

[afeus - - e e

.In lzght of.the inestimable’ potentialj including - =--7<7=
therapeutic potential for?gene’ control, there.is:ap:=7f-Ti7E)
accordingly:strongly felt need: for methods and” compositions

useful in gene:control, including both unblocking and’Biocking
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S .
gene function.
Disclosure of the Invention --- ... - o

Accordingly, it is an. object of this inventiocn-to-provide
novel methods and compositions useful in gene control.

It is..another-object of this invention to provide ndvel
methods and .compositions useful to unblock . ox block’gene -
function. e L T P

- ik R SN o mmiee s T S -

It is .another object of this invention to. provide.rnovel

methods.and .compositions useful .for neutralizing one or more .

m;ra:q:e%;glxq; nucleic acid~binding proteins’ biological .
activity. in a cell; where the, protein functions as an = @ > °
intracellular transcriptional factor.or in.the intracellular .

.assembly, proc_essi.ng and/oxr -transport--of nucleic acids:. -

. . » v -
F— . LR . . .-l
cae. -

P

The mventqra have now- surpm.smgly d:.scove::ed that “the .
abqve-noted objects of the invention, K and .other.objects ‘which
will become apparent from the description of the invention
given hereinbelow, are satisfied by using. single-stranded DNa
or zRNA*. -£(ss)DNA or .(ss)RNA). oxr .double-stranded DNA or RNA -
((ds)\DN‘A or (ds)RNA) .containing a:recognition motif -for the -
targetted nucleic acid-binding-protein::an:intracellular -
transcgriptional factor nucleic: acid-binding-protein or an
intracellular protein which.:functions in-the:intracellular
asse;nbly;- ;é:éocessing and/or transport of nucleic acids. In.
aci:or-dapce with- the invention the biological activity of a
particular- intracellular protein is blocked (or squelched) by
exposing the intracellular protein to an intracellular
concentration:.of such a. (ss)DNA, (ss)RNA, (ds)DNA and/or-
(ds)RNA sufficient to cause.binding of an amount-sufficient of
the intracellular-protein-of intefest to’the (s5/ds)DNA or °
(ss/ds)RNA to-thereby block the biologital activity of the
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protein in the cell.

Best Mode for Carrving Out the Inventiofi

The ‘present invention is both conceptually“and * - -
methodologically fundamentally diffeérént"from éther aftempts °
at gene control or at unblocking or blocking gene function,
and it has very:broad applicaticns to ‘yeast; bacferia, plants,
and animals:< ‘Instead of being -based on the ‘85&-3f-a“ (ss)DNA
oligomer or of a (ss)RNA oligomer to intercept mRNA
translation, it is based on the use of (ss)DNA, (sSs)RNA,
(ds)DNA or-(ds)RNA to newtraliize an' intraceIFtlar ' nucleic
acid-binding protéih's,»or'p!oteingﬂ'?biélégié&&‘aéﬁivity;'“in
accordance :with the.present invention ‘Cells areé contacted w1th
the (ss)DNA; :(ssyRNX, (ds)DNA and/or (ds)RNA £n & manner
permitting the (s57ds)DNA/RNA to be taken up by the cells to
therebyrcbtainfaﬁfintfaCelIular°éOﬁeéntrationfdfCﬁss/debNA or
(ss/ds)RNA sufficiently high to inhibit the cellular function
of the targeted protein(s)- by bkndlng to’: the<prote:n(s) and

the:eby neutral;zing it (tham) = A

- - - T - .- - - i N h
v S - -,- - B b v e w .l R e - Wi -

_The abllzty of’cgrtamn proteins tb bind to either s{hgle-
stranded-or double~stranded-nucleic acids is kmown. See,
e.g., Krauss et:al, Biochemistry. (1981) 21:5346-5352 who
disclose :the binding of proteins. from E. coli to- -- 17 = 37
oligonucleotides.and the: following review artlcies-which"
pertain to DNA-binding proteiihs, Gellert, “"The Enzv es”, Vol.
XIIII (1981)- 345-3663 Wang, The Enkymes", Vol. XIITT (1981)
332-343, Chase, Anh.:Rev. 'Biochem. - {1986) 552 103~136 and
Kowalczykowski et al, *The Enzymes", 'Vol. XIII: (1981) 374=444.

B . vz
- C -

It is also . known,that .gene control:can occur at: four =
S parate :levels: _(1) transcription; which includes either
initiation or termination; .(2) 'nuclear processing- of” the -
Primary transcripts; (3) cytoplasmic .stabilization or-~
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destabllizationnoﬁjRNAs; and (4) mRNA,translatiOn.

It lS known that gene control occurs at each of these
levels in eukaryote, but that not.every gene either is ‘'or can
be controlled at all four levels. And it is also known that
the most w1despread form of gene control in both -eukaryotes
and in prokaryotes occurs.via-regulation of trafiscriptional -
initiation. For a detalled discussion:of “the. studies -+ .
undertaken to date on :gene- control see Chapter. 131 of Darneli

et ail, supra, wh;ch lS summarized -hereinbelow. .. .

- o

_ The regulatory s;tes in DNA:and their cognaté blndlng ‘
factors are known to, be . identifiable by moleculas: genetic
techniques. To date, various studies have led to the
recognltlon that many transcription.-factors z2re& Present ln
most if not all cell ‘types, and- that some: of tthewidely -
distributed factors whlch are- required. for trafiscription Of
many genes are presenm in vagiant concentrations. ' These "

protelns are > necessary for .gene activi tyu'wa.; . R

" e L H . L

It is_ also known that most, -and perhaps all’, eukaryotlc
proteln encodlng genes. require -activators:. The ' TATA box is
generally located about - 30 -nucleotides upstieam from the RNA
start site of proteln encoding genes. - This start site is
often called the cap 8ite because primary RNA transcrlpts have
a s’ methylated cap. The proteins- ‘necessary ‘for beglnnlng )
transcriptions of protein encoding genes are known to be the
TAEA factor (transer;ptlon factor. IID or TPnD), RNA polymerase
II, and accessory proteins- (TF.,B and TPnA)

- . ~

In;tlatlon and transcrlptlon of eukaryotic genes by RNA
polymerase II .1s_accelerated by. -activators; which are
intracellunlar prote;ns required for normal transcription of
many, and perhaps all, eukaryotlc genes. In yeast and other
szmpleagrgan;sqs, & single required upstream actlvatlng



WO 93/14768 PCT/US93/00440

-7 -

sequence can be sufficient to obtain adequate ihitiation of
transcription. This upstream activating sequence often
interacts with a single proteln-factor wh;ch bihds to a 15- to

-
= TvooLetan - - -

20-bp segment -in the: sequencei>> - - N

oL, - e s e PR
[=2 : I <

b RO AN

By contrast, mammaliar-gefies” aré believéd td” contaln
multiple 15-,to 20-bp préteinzbinding” 51tes, Wlth each Slte
being necessary: for maximal - transcrlptlon. Ver?ebrate cells
are- known to encode mahy dozers; ‘and perhaps hﬁﬁdreds( of such

factors In vertebrate.célls, these factors vary 'in
concentration in different cells. The presence and

-3

concentrations oﬁ these factors is cruc;al xn fﬁe normal or

s sle e EuEk ool L3

- : L - - - = L ot aee e avs emos - o
P D merlE LU
. - -

It is .known that.eukaryotlc ﬁNA—blndlng protelns éihlb
a limited number of.structutal designs. .Three general ,' J:_“
strucpural designs: have. been’ -found®in DNAJbLndlng protelns.llnﬁ
the hellx-turn-hellx7 the>zinc-finder, and ‘theé hmphlpathlc :
helix motifs. Helix-turnthelix pfoteins possess & remarkably
conserved reglon encodlng about 60 amlno ac1ds, called the -

.- - .

recognlzed lncgenes from fxogs to mdmmals®  ‘These hcmecb §
protelns are_believed:to conmtact specific: DNE séQuences._l
Zinc-finger. proteins and amphipathic helxcal‘protelns,”"

includlng leuc;ne-z;pper—and.helax—koop—hellx prételns are

also known to be -regulatory protelns,_-~ ar T

- .‘-_;,.._-;j T _ A — -

s [

[ G - -

It is also knownythat at least: elght-dlfferent genes from,
invertebrates and from mammals contain both a homeobox and a o
second highly conserved region, termed the POU reglon,_whlch

o Y o e

is about 50 amino eweids- long.and locateéd about 50 am;no ac;ds

away from the homeobox r gion, near the: aman-termlnal end of
the proteins. . - e . - eI -

D Ty IS ot e

-
.,‘....’;. P

=T . —

A hlgh degr e .of cqnservation ‘over these sequences and
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span of evclution, -indicating a fundamental role in gene
activation, has been observed.. Further, all of these DNA- -
binding protein are known to be able to increase transcrlptlon
in vitre-and in vivo. ‘< - (il DLt :

- . em e -

. P S L. SIS 7SS Sl SN SO .
. The. present.: invention targets-at least one such
intracellular- nucleic acid-binding protein in a-.cell. ongd  ~
administers to this-cell, or to a plurality of cells, ' - +7-
including multicellular organisms, at least one *{ss/ds)DNA ox '
(ss/ds)RNA containing at least the recognition motif for the

¥

target=d.nucleic acid-binding: proteln

—~~ - e ~r

© e . - . Zel viam e s amen DT e 8 s Lo )
t : R A P A A A LR .

The intracellular nucleic. acitl binding proteiss whlch ‘are
neutralized:in accordance:-with the.preseant invention® o
illustratively dinclude intracellular-nucleic acid ‘binding - - -
proteins invelved in: the growth, the.differentiation, the
hormonal regulation, or the immune function of thé& cells being
treated, or in the life cycle of a virus (e.g., HIV)
associated with the'cells or multicellular’' organism being-
treated, ;oxr in- the assembly, - processing and/or transport of
nucleicracids~in. the cells or multicellular' organism being’
treated. rIllustrative genes whosé expression can be
advantageously controlled in accordance with the invention '
include npuclear transcription. factors- infgéherallte g, pioto-
oncogenes swuch:as’ c—myc, Camyby fés, Jun (Lewln, Cell (1991)
54:303): . .- G 0F atmls oot .

- - e . ., - - PR . N

The (ss/ds)DNA or (ss/ds)RNA is administered in an amount
sufficient to obtain an intracellular®conceéntration of-
(ss/ds)DNA‘or -(ss/ds)RNA sufficient to bind an’ amount of the
intracellular ‘nucleié .acid~binding pProtein sifficient to -~ °
thereby.neutralize:(i.e., squélch) its function in- the cell.
Preferably the (ss/ds) DNA.or (ss/ds) RNA is administered-in
an amount sufficient to obtain an intracellular concentration
of about:-107°M:t.o: about 10~*M. :At- these conCentrations the

*



WO 93/14768 PCT/1S93/00440

-9~

(ss/ds) DNA or (ss/ds) RNA is capable of effectlvely
neutralizing the nucleic acid~binding protein. . . e .

- =7 = A ~ o s . . - = - e

The methods and compositions of the present ‘invention-
have broad applications for both unicellular and multicellular
organisms, including, -in particular;, .therapeutit potential for
the latter. As .noted above, the present. invention can be -
applied to :yeast ‘and bacterial- systems, as well: aS'tofelther R

- - .

pPlants or animals.- < TE O v oir st Zn o Tleoldlc

- O S T
- - p— o eem he O e -

BT - o by
S : . AT I

The invention is useful. in. any: cellular system-(yeast, -
bacterial, plant and animal) for the treatment of a variety of
diseases, lnclud;pg v;ral.1nfectlons,macqu1red-brfinhérlted -
hormonal, autoimmune,-or malignant. syndromes.>. It is"also-
useful to block or unblock.a: particular. gene” function.or .- .
modlfy,a single, or a plurality of cheracteristics: of.'a ceéll or
of an orgamism. =: -.i--uv e L omd - o Talige o Ta v

S SN T B e e R O e =
It. may be: used- in yeastcor’bacterial:systems-ts Ehut -down
a 51ngle.or-a -Plurality of:-disadvantageous. or: aselessoyeast or 7
bacterial characteristic(s). - For example- it: can‘be used in -
fermentation systems to. eliminate.a disadvantageeus oér .~.. >
otherwise pnwanted yeast or bagcterial gené product,-e.g.y a: ”
contaminant diﬁfigu;t:toyrgmcveefromin'prodnct.being‘iSQiétéd”
from a yeast or bapterial‘fermentatian ers;an. intracellalar -
component responsible for the degradation of the product being_

isolated, e.g., an undesired Protease.

.- e - AT e, - - s~ N
3. 2l P . R o \ - - - : 3

In plants and animals it:can be usedsto imbue a plaﬁtldr :
an animal with resistance to a. -particular pathogen; :for. e
enhanc;ng an advantageous characteristic of the ﬁ1ar*'c:¢‘f:::n
animal,. or for attenuating .or elimjinating a .disadvantageos®™.:c -
ChﬂIacterlSth of the plant :or animal. LS S O S AU N

LRI R L o . ~aie tEe e e s

PERYE P e e

In accordance with the- inventipn, one ‘identified an v -
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intracellular nucleic acid-binding protein qf interest, e.g., -’
a ﬂpeleiciacid—binding protein involved with the genetic
characteristic oiliﬁte:est. on--the basis of the structure of
the:;aeﬁpiﬁieqﬂpxqtein;ak(gs{deo DNA: or ((ss/ds) RNA containing
at least the recognition motif for the nucleic acid-binding
protein is assembled, for example, using the known techniques
of nucleic acid synthesis or cDNA seguence cloning. .-Once the
(ss/ds) DNA O (ss/ds) RNA. sequence of: - interest is identified,
sufficzent quantltles of this material, -in bioclogically: ‘pure -
forn, may be obtained .in..accordance with known .existing -
tech%*Q“?%:f Por .example,. sufficient guantities of this
material maj be synthesized,.orthe particular -sequence of
interest may be cloned, or:the polymerase: chain :reaction (PCR)

techn;qne maynbe used. - - % Lz R ST S B

"
1]

- - = - - -

_ The (ss/ds)DNA/RNAmused in acco;dance wlth.the present T
invent;oqpepog;g con@alnaat,leas:;a,sequence,ucorrespondlng-to
the,qoggate:bigding;site;to-the*ta;geted nncleic*acidebiﬁding:
profein,ﬁwhieh,;sg;ypically in -the range of: being: 15 to 50 -
nucleotides-long.. It -is-also possible- to: use’ longer. °
(ss/ds)DNA/RNA sequences:.in: aceordance with the. predent: -
invention, particularly:if elements of.the seguente other than
theacognate:binding site_sequence:provide for improved
iptrecel}uier‘stepﬁiitY¢rQellular~penetratibn,‘etc.

o b PRPRRI A
DT e [ e A . - g -

In a preferred embodiment of the present invention
(ds)Dggror,(ds)RNA,gapd_particularlyﬁ(ds)DNA,.is used- to’
explo;t:;he greater stability of -these materials towards
intracellular-degradation. .The inventors data have discovered-
that when the present nucleic gcid-binding-protein equelching
methad is practiced with (ds)DNA it ‘is dt leest“260 fold more
potent .than-the. antisense oligomer .approach.. :This- appears “to’
be"aﬁe te the higher affinity between the protein’ . : &
(t:egeg;;ptlon factor) and its cognate DNA.blndlng~s‘te, as

comparedgto tbe;in;e;actiqns betweeri.the mRNA and the -

e



W0O93/14768 PCT/US23/00440

"l_l -

antisense oligomer. Further, it also appears to reflect the
much higher .intracellular stability of (ds)DNA"(éna 'of '
(ds)RNA), as compared to the -intraceXlular stabJ.Ilty of the

-

single stranded . (ss)DNAs (and (s’s)qu) used in“the- ant:.sense

a0 - - .= -~ i

-~ 4 Tl [=pu=d

approach. .. Tl ORI o BN 0 U g e
=l o Tl mLor L lLagmuxs TR DSt T L T

.- In accordance with tHe inventienj the(5s)DNA; (Ss)RMA,
(ds)DNA and/cr. ¢ds)RNA can- be" administerdd -to yeast ;- badterla,
including "in ive ‘administration tb ‘plants “and-animals’ by any
known means -of‘administration.’ Fer: efxamp.'Ee “thé COmpos:LtanS
of the present invention ma¥y be- adminidtered o a patient, '
e.g., :azhuman:or ‘an animal;, ih” need thereof either 5= & =+ -
systemically.-or .logally. - Fof- ekample;” the ’ (ss/ds) DNA oF  7° -
(ss/ds) RNA may be administered in a lipostmal “forimdidtisk~
In a preferred embodiment of the present invention, a
liposomal: formulation targetedsté-a specific “tiSsue is used}
for -example, . -as -is, known; 'by: agsociating ‘the liposo}nal": R
formulation containing the. (5s5/ds JDNA’ or RNA ‘with ‘arn antibddy
specific to an . antigen found 6h-the sukface of cells-‘in' the
tissue of interest.  Illustfatively-see’ U.S. Pa¥ent No- -
4,948,590 to-Hawnet et’al:and: rhe referenties’ citeR-thoreif.
Local administration of “the compositidbns_in ‘actordance with"
the present invention may be carried-out by any krown means,
including the:use of'a catheter sas-described by Nabei et”al in
published PCT application no. W090/11734.

© e -e -~ - .- -, . o~ s

. ek
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Methods' for. delivering dligemicleatides both into the
cell and jinto thé. nucleus ‘are available 4in theée lfite'réthré‘c‘--
For example,-a review published in Synthecell- Synthesis (1990)
2(1):1-66 discusses_varidus chemical modificatiohs which'~ -7
enhance the stability of oligonucleotides-and- thé uptak of -
these into cells "and cell:inucledin:; -In particiélar,- Vlahakos- '8t -5
al (J. Am. Soc. :Nephrology.(1992y 2(8):.1345-1354) descriBes &
set of autoantibodies.which penetrate.cells<aad ar’ “deposfted -

T~ g .z

within nuclei ef kidmeys and other organs -in-vive. - <L
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Oligonucleotides may be attached to these autoantibodies by
any of several methods. .Por example, the method of :-Zuckermamm
et al (J. Am. Chem. Soc. (1988) 110: 1614 or Corey et al
(Science (1987) 238: 1401) can ‘be used to attach a 3 =S-
thiopf;igyl,o;igonncleptide_and a cysteine residue ‘in the
autoantibedy:yie,e disulfide bond.. Another method, "involving
linkage  via .a 2’-deoxyuracil-5-aminoheptyl unit:with- .. - ..
glutaraldehyde is given in Jablonski-et al (Nucleic- Acids. Res.
(1986).14: 6115). . Methods for. delivering oligonucleotides:-
which do not neceSSLtate the modification of these ..-: . ...z
ollgonucleot;des~are also.available;:: for example  see. Dreyfuss
et al (Eukaryotic Nupcl. (1990)-2:503-517). All: of the above:"
references are. incorporated herew1th by reference.... .-

o R T S po o S 3

I

Havxng generally>descr1bed this 1nventlon, a further '
understandlng’can be-.obtained by:reference; to certain specific
examples which are provided herein: for purposes of. Coeg
illustration only and are not intended to be llmlting.

-

Lom e - o - P o 1

Inhlbi;ion of.human_lmmunodef1C1enc virus-1 (HIV-
replication:

T

- - . - - - .. O - .

. R4 ¢ Ve .- o

HIV-l encodes several regulatory genes- (Cullen et-al,
Cell -(1989) 58:423)..- One:of: these genes encodes a trans-—
act;vator, TAT, and. greatly increases viral-.replication.: TAT
functlons at.least in, part by increasing the "level of'.
transcrlptlon The .cis-acting® sequences required for TAT
trans-activation (termed TAR).are-located downstream from the
site of transcription initiation between +14 and +44 - '
(Jakohovitz et .al, 'MCB (1988) 8:2555; Garcia et “al, EMBO J.
(1989) 8:765; Selby et al, Genes Dev. (1989) 3:547). ‘TAR®
sequences are present in all HIV MRNAs and can assume a stable
sStem-looped structure. that is .recognized.by TAT (MueSLng—et
2l, Cell (1987)-48:691) and is .required for TAT trans< ~.- -
activation in vivo (Berkhout et.al, Cell (1989) 59:273)." -Thus
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in this particular case, the TKR—RNA/TAT-proteln complex

constitutes the active trans-activator.

-~ - - . B

It has been.shown that irfection of cells with a high -
titer retrovirus vector, that dontaias HIV-1 AR sequences,'
results in overexpression of TAR RNA, wich -leads to -
sequestering- of‘TAT-protexn,uthereby-renderxng-the cells:
resistant to HIV ‘replicatidn.::Therefore, application of
appropriate concentrations of -(ds)TAR ‘o}igonucleotides- to the
culture media.of cells,-+tesulting :in uptake of TAR DNA' by the
cells, will rendet: the cellss resistant: to~H§V‘repiicét10n.—;
The: results® of such an’ experiment will provide the basis to -
determine the:range of TAR-oligb<mediated -inhibitibn of HIV -
replication and disease progression in vivo. In vivo
application of TAR oligos iy Be- accomplished ¥vi% inftravenous
injeetion;: where appropriate target;ng/éucapsul&tion aides
(e.g., liposomes)-may:be-used.=* t ¢ 7 omLa e

p - s -~ - - . - - . - 0o~ - ’.( ..
LLmiEmEL sl o=rE e A i

2. Inhibition of the Function of DNA Blndlng Proto-

The nuclear proto-oncogene c-myc is expressed in almost
all proliferating)normal cell types,-is down: regulatéd in many
cell types when they-are induced-to-terminally dlfferentlatey
and abnormal expression has . been-assoc¢iated’ with many =77 <
naturally occurzing ‘neoplasms. (€ole, ‘Ann. Rev: ‘Genet.”(1986§
20:361; Relly et al, ‘Aan.-Rev. Immunol-" (1986) 4:317): ‘*The -
regulated and centdnued -expression .6f c=myt has been-shown to
block termimal differentiation-induced by physiologigal- '
indueers (Hoffman-hiabermann:et'al,; M6l. Cell. Blol (1991)
11: 2375) R TS S Doz

P SE . .on - - - .= - “

- The protein :contains thre -structural :domains that ‘are
homologous to domains found._.in characterized. tranécrlptlonal
factors: a leucine zipper (Landschulz et al,~Sc1ence~bI988y
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240:1759);.-a helix-loop-helix motif. (Murre.et al,: Cell (1989)
56:777); and-an adjacent domain-rich in basic amino acids
(Daﬁighet al, Cell (1990) 60:733. Sequence-specific DNA
binding by the c-myc protein has been demonstrated (Blakwell
et_al, Science (19%0) 250:1149; Prendergast et al, Science
(1991) 251:186), and more recently-:'c-myc has been shown to
transactivate transcription of the a-prothymosin gene when c-
myc .protein is: activated in quiéscent ratufibroblasfs?(ﬁilers
et al, EMBO J..  (1991):10:133).. . = -+ LT BRI

. N e e -
- e pme m e we e - - - - T . = - a ea
; - BT o~ . e L = U : - =

.. - - .

TTpérgfore,;applicgtion,ofrappropriate.concentratien of’
(ds)DNA containing c-myc.specific binding motifs:‘te- varicus
neoplasms will result in abolishment and/or reversal of their
malignant phenotype. similar approaches would be applicable
also to neoplasms involving apparent expression of other DNA
binding proto-oncogenes (e.g., c-myb, fos, jun, etc.; Lewin,
Cell, (1991) 54:303).

3. Experimental:

EKrox24 is a zinc finger transcription factor that was
identified as an immediate early response gene upon induction
of cell growth and differentiation (for a review, see Bravo,
"Growth Factor, Differentiation Factors, and Cytokines", pp.
324-343, Habenicht ed., Springer-Verlag, 1990). The inventors
have observed that Krox24 antisense oligomers in culture
mediums specifically block macrophage differentiation in
myeloid leunkemia cell lines as well as in normal primary
myeloblasts, indicating that Krox24 plays as essential role in
macrophage development. Under similar conditions, also a
(ds)DNA oligomer containing the DNA binding site for Krox24
(Lemaire et al, Mol. Cell. Biol. (1990) 10:3456) was observed
to inhibit TPA-induced microphage differentiation of human
monoblastic leukemia HL60 cells. Oligomers of (ds)DNA were
used at concentrations ranging from 1 pM to 80 uM. In some of

)
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the experiments, inhibition. of - HL60-induced differentiation-
took place with (ds)ocligomer’ concentrations as low as 1 uM, a
concentration 100: fold lower than what is: reguired:.to obtaln
inhibition with the antisense approach.. = . - =T oL

- . ST e s §..*...‘..‘

-~ Fooolko o kT ok LT o~ 2 N
Tl ' I R S e S o ot et SO T -

0bv1ously, nimerous modificatioas:and: variatiomns-of the
present invention are possible in. lightlof the above :. =i
teachings. It is therefore to be understood that within the
scope of the:appended. claims; the:invefition: ‘may- be- practlced
otherwise than as_specifigally- described herein.- =i
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Claims

-t - R

1.' A.method for neutrallzlng an. lntracellular nucleic
acid-binding protein’s blologlcal act1v1ty in a cell,
comprising, exposzng said oroteln to an intracellular
concentratlon of at least one, ollgonucleotlde, selected from
the group consxst;ng ‘of smngle stranded DNAS, single stranded.:
RNAs, double stranded DNAs and double stranded RNAs possessing
a recognltlon motif for. .said protein, sufficient to -block said
proteln 'S blologlcal act1v1ty. TN ST

2.4 The method of Cla;m 1, whereln said.protein

possesses the blologlcal activity of being involved: in. the-
growth of said cell.

e A T

3.  "The method of Claim 1, wherein said protein - - =- .

possesses the biological activity of being involved in the
dlfferentlatlon of sald cell. P s hae

.- RS
RN S e T b Tl e
L . - Y -

4. The method of Claim 1, wherein said protein
possesses. the blologlcal activity . of being -involved in the

hormonal regulatlon of said cell. ---- .. .7 oAar -

5-,3 The method of Clalm 1, wherein said protein
possesses the b;ologlcal actlv;ty of.being involved in the
immme function of said cell.

‘ 6. ”:Tﬁe method of Clalm 1,-where1n sald protein
possesses the b;ologlcal activity of being.involved: in the’
life Eycle gf‘a virus.in said cell. .-- . ... o . -

7. iﬂe method of Cla;m 1, whereln sa;d protein
possesses the blologlcal activity.of being involved in the -
assembly of nucle;c ac;ds ln sald cell.aJ - s
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8. The method of Claim 1, wherein said protein = ~
possesses the biological act;v;ty of belng lnvolved in the
PIOCESSlng of nucieic ac;ds in said cell. T : T

. . .3nlTe. - [ -

9. The ‘method of ¢iaim 13 whéreln sald proteln -

possesses- the- bloIoglcal act1v1ty of belng lnvolved ln the _
transPért of- nuclelc acids in §a1a cell : "'“

Y ) . S PI UG UL NN S N
U T RCE S S SEIE AR SR N . -

.-t

-
10. -'Thé method ‘of Claim’ 17" comprlslng us;ng s1ngle .
stranded DNA. LS TS TR ALl B

11. Thé'ﬁéthod of Claiﬂ 1, ccmprlslng us;ng sxngle

e Fian

.....

’ Vi T3 ns RO Lot
Stranded RNA. - 7 - S e -

12. The method of Claim 1, comprLSLng us;ng double

<
v

- RS s voowmeril L Tl .
stranded DM = R JOIE IS SO+ Sl ] ‘ ' o
- S S5 A O P ST TUAR - ;..‘;‘v’ [ e Re LI . 5 TS 80T Lz
13. The method of Claim 1, compris ing dsing ‘doubie
stranded RNA. ”
B SIS NS S LT DU +Sikgof SRS ST ASEPY S Sl S .

~14. ... The' mettiod of Claim 1, wherexn'saldlldtracellular
concentration is 107°M to 10-*M: - S S

' 3

"J... P _L. s I

15. The method: bf Claim’1l,  wherein said- recognltlonA_
motif is 20 to 59 nucleotldes-long TOCETS e I e ses-

[ oo or PRI S S e 6 A

-

l16. A method for neutralizing an 1ntracellular nuclelc
acid-binding=protein?s blological activ;ty ln “thé cells of a
mnlt1cellular~erganlsm, compr151ng expos;ng ‘said " proteln tz'én
intracellular concentration of - at least one’ ollgonucleotlde T
selected from +he Sxoup ccnsisting of =¢ug;e stranued DNA,
single stranded BNAs; -dduble stranded- DNAs, and double .
stranded RNAs.possessifg - a recognition motif- for Sald p}gt;i;,'

sufficient to block said- protein s biOIOgLCal actxv;ty. =



WO 93/14768 PCT/US93/00440

-18=

17. The method of Claim 16, wherein said organism is an
animalX. ;. . S : :

18. The method 'of Claim 16, wherein' said organism is a

plant. -0 o0 Lo TL

19. The method of Claim 16, wherein said recognition
motif is a nuclear transcription factor motif.

20. The method of Claim 16, wherein a single stranded or
a double stranded TAR oligonucleotide is used.

21. The method of Claim 17, comprising administering
said oligonucleotide to said organism as an encapsulated
formulation.

22. The method of Claim 21, wherein said formulation is
targeted.

- 23. The method of Claim 22, wherein said encapsulated
formulation in a liposomal formulation.

24. The method of Claim 16, comprising administering
said oligonucleotide systemically to said multicellular
organism.

25. The method of Claim 16, comprising administering
said oligonucleotide locally to said multicellular organism.

26. A biologically pure double stranded DNA molecule
comprising a recognition motif for an intracellular nucleic
acid-binding protein.

27. The DNA molecule of Claim 26, wherein said
recognition motif is 20 to 50 nucleotides long.
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The DNA molecule of Claim 26, wherein said

28.
recognition motif is a nuclear transcription factor motif.
25. The DNA molecule of Claim 28, ‘wherein said:
recognition motif is the c-myc, c-myb, fos or jun motif.
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